Life expectancy at birth continues to increase in Canada, reaching 81.2 years in 2009. Knowing whether these older years are healthy or disabled is critical for policymakers. We examine changes in disability-free life expectancy for men and women in Canada in 1994 and 2007 using the Sullivan method. We find that increases in life expectancy for men were due to a moderate increase in healthy years and a larger increase in disabled years. The increases in life expectancy for women were driven almost completely by increases in disabled years, suggesting an "expansion of morbidity" among women.
Introduction
Life expectancy continues to increase in Canada, reaching 79.0 years for men and 83.4 years for women in (Human Mortality Database 2013 . As the population ages and large cohorts begin to reach older age, it is crucial for policymakers to know whether these older years are characterized by health or disability (Ibbott et al. 2006) .
Understanding trends in both mortality and morbidity is important because even though life expectancy is increasing, trends in morbidity do not always mirror those of mortality. The theoretical debate on the competing nature of morbidity and mortality has three lines of argument. The first is a pessimistic position, which argues that improvements in mortality will be accompanied by an "expansion of morbidity" (Gruenberg 1977; Kramer 1980; Olshansky et al. 1991) . If mortality decline reflects only a decline in the mortality rate due to chronic diseases but not the incidence of chronic illnesses, then people will live longer but will do so with chronic illnesses (Gruenberg 1977; Kramer 1980 ). This framework suggests that greater life expectancy will result in more severe chronic illnesses during the years that are gained. A second and more optimistic perspective is that increases in life expectancy may be accompanied by the addition of healthy, disability-free years, if morbidity is "compressed" into a shorter period of time at the end of life (Fries 1980) . A third, more moderate perspective is that mortality decline leads to an increase in the incidence of mild, but not severe, chronic conditions (Manton 1982) .
Disability-free life expectancy (DFLE) is the most commonly used measure of population health that takes into account both morbidity and mortality (Jagger et al. 2006) . Its estimation produces results that can speak to the debate about whether there are tradeoffs between mortality and morbidity. Sullivan's method is the most widely used method to estimate disability-free life expectancy. This method divides the total number of person-years lived, which is obtained from the period life table, into disability and disability-free life expectancy, based on the proportion disabled, which is obtained from a cross-sectional survey. Sullivan's method has been used to study DFLE for many national populations, for example by the World Health Organization (Musgrove et al. 2000) and the Global Burden of Disease Study (Murray and Lopez 1996) . It has also been used to study changes over time (Bronnum-Hansen et al. 2004; Crimmins et al. 1989; Doblhammer and Kytir 2001; Graham et al. 2004; Robine and Michel 2004; Roberge et al. 1999 ; Van de Water et al. 1996) .
In this paper, we examine changes in disability-free life expectancy for men and women in Canada from 1994 to 2007. We first examine whether the prevalence of disability changed among adults over this period. Then we examine whether the increase in length of life is characterized by increasing or decreasing disability-free life expectancy. Although the length of life has increased, it is important to determine whether "quality" of life also increased. Are Canadians living longer, healthier lives or are they living longer lives but in poor health?
Trends in life expectancy and healthy life expectancy
Life expectancy in Canada for men and women increased dramatically during the twentieth century and into the twenty-first century. Figure 1 shows how life expectancy for men and women has increased from 1921 to 2009. In 1921, life expectancy was 58.2 years for women and 56.0 years for men. In 2009, life expectancy for women was 83.4 years and for men was 79.0 years. Canadians are living longer than ever before.
Most studies of disability-free life expectancy in Canada have used cross-sectional data, providing an overview at one point in time but leaving us unable to examine changes over time (Bélanger et al. 2008; Mayer et al. 2002; Statistics Canada 2001) . Other studies have examined this topic using related measures and methods (Carrière and Légaré 2000; Loukine et al. 2002; Manuel et al. 2002; Mathers et al. 2002; Statistics Canada 2002; Wolfson 1996) . Moreover, existing studies use various measures of disability because they draw on different data sources, making it difficult to compare across studies or see a trend. Some studies focus on disability-free life expectancy (Bélanger et al. 2008; Mayer et al. 2002; Statistics Canada 2001) , while others use disability-adjusted life expectancy (Statistics Canada 2002), health-adjusted life expectancy (Loukine et al. 2002; Manuel et al. 2002; Mathers et al. 2002; Wolfson 1996) , or handicap-free and net handicap-free life expectancy (Carrière and Légaré 2000) .
Canadian studies that have examined changes over time have found that gains in life expectancy have been more or less equally distributed between years lived with and without disability or dependency (Martel and Bélanger 2006; Roberge et al. 1999; Wilkins and Adams 1992 ) . For example, Martel and Bélanger (2006) measured disability as dependence and found that at age 15, increases in life expectancy from 1986-1996 were largely due to increases in dependence-free years, suggesting a "compression of morbidity." For men, 1.2 of the 1.8 years' gain in life expectancy were in dependence-free years, and for women, 0.8 year of the 1 year gained was dependence-free (Martel and Bélanger 2006) . Roberge and colleagues examined trends using data from 1986, 1991, and 1994 and found that disability-free life expectancy at age 15 increased over this period for both men and women (Roberge et al. 1999) . They found that for men, disability-free life expectancy at age 15 increased from 53.8 years in 1986 to 54.7 years in 1991, and to 56.1 years in 1994. For women, disability-free life expectancy also increased, but at a slower rate-from 56.3 years in 1986 to 56.7 years in 1991, and to 57.3 years in 1994 (Roberge et al. 1999) . No existing studies have examined trends in Canada beyond the mid-1990s.
Many studies that analyze trends in healthy life expectancy in developed countries have findings that support the theory that there has been a compression of morbidity over the last several decades (see Crimmins 2004 for a review). For example, healthy life expectancy increased for men and women in Austria (1978 Austria ( -1998 Doblhammer and Kytir 2001) , in the United Kingdom in the 1990s (Jagger et al. 2007) , and in the United States (Crimmins 2004) and France (Cambois et al. 2001) . However, some evidence from other developed countries suggests that morbidity may be expanding. Examples are Australia and Japan in the 1990s (Robine and Michel 2004) . Similarly, in the Netherlands from [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , gains in life expectancy were mostly concentrated in disabled years (Van De Water et al. 1996) . In Japan, there was a period of morbidity compression between 1986 and 1995 , and then an expansion between 1995 and 2005 (Yong and Saito 2009 
Research questions and hypotheses
In this paper, we examine two research questions. First, as life expectancy has increased for Canadians, did the prevalence of disability change among men and women in Canada from 1994 to 2007? Second, are the increases in life expectancy from 1994 to 2007 characterized by increases or decreases in disability-free life expectancy?
Given the existing research on disability-free life expectancy (DFLE) in Canada and other developed countries, we posit two sets of hypotheses.
• Hypothesis 1a: DFLE continues to increase in Canada, as found by Roberge et al. (1999) for the years 1986 , 1991 , and 1994 , and Martel and Bélanger for the years 1986 . • Hypothesis 1b: DFLE gains are minimal over the period of analysis.
• Hypothesis 2a: There will be no difference between the levels of DFLE estimated for men and women.
• Hypothesis 2b: Gains for men will be greater than gains for women, as found by Roberge et al. (1999) .
Method
We estimate DFLE using the Sullivan method. Expected years healthy and disabled are calculated by applying age-and sex-specific cross-sectional prevalence rates of disability to the person-years lived in different age categories, derived from period life tables (Jagger et al. 2006; Sullivan 1971) . The number of remaining years living disability-free at a given age and the number of remaining years lived disabled sum to the number of remaining years. Our estimates cover the Canadian adult population aged 20 and older. The main benefits of the Sullivan method are that it requires only cross-sectional data and that it can be used for monitoring trends over time if panel data are not available. In this paper, we examine changes in disability-free life expectancy from 1994 to 2007.We chose to examine these years because there is comparable data on disability, and we wanted to update the trends to as close to present years as possible.
Data
The Sullivan method requires two types of data-period life tables and age-specific prevalence of disability from a national survey (Jagger et al. 2006) . Life tables were obtained from the Human Mortality Database. We use abridged life tables by 5-year age intervals for men and women in Canada for 1994 and 2007. These life tables provide estimates of the person-years lived in each age interval ( n L x ). Disability prevalence measures come from two nationally representative data sets that examine the health of the Canadian population. Data for the prevalence of disability in 1994 were obtained from the 1994-1995 National Population Health Survey (NPHS). Disability prevalence in 2007 comes from the .
The 1994-1995 NPHS targets all household residents in all provinces, excluding Indian Reserves, Canadian Forces Bases, and some remote areas in Ontario and Quebec. It has a sample size of 19,600 households, and information about all household members is obtained from a knowledgeable household member (Statistics Canada 1996) . We use the public-use micro-data file and weight the data to be representative of the Canadian population 20 years and older living in a private household in one of the ten provinces. Excluded are those living in the territories, on an Indian Reserve, on a Canadian Forces Base, in an institution, and in certain remote regions of Ontario and Quebec.
The 2007-2008 CCHS has a target population of all Canadians aged 12 and older living in private dwellings in the ten provinces and territories, excluding people living on Indian Reserves/ Crown lands, those living in institutions, full-time members of the Canadian Forces, and residents of certain remote regions (Statistics Canada 2009). In order to make the data from the two surveys comparable, we exclude from our analytic sample respondents in the Northwest Territories, Nunavut, and the Yukon. Similar to the NPHS, we also use the public-use micro-data file, and weight the data to be representative of the Canadian population 20 years and older living in a private household in one of the ten provinces, excluding the aforementioned regions.
Consistent with other research, we measure disability as needing help performing everyday activities, capturing the consequences that disability has on people's everyday lives (Carrière and Légaré 2000; Crimmins et al. 1989; Crimmins and Saito 2001) . Disability is most often measured from a series of questions regarding a person's ability to function in their environment (Carrière and Légaré 2000; Crimmins and Saito 2001) . In each survey, respondents were asked whether they needed help performing a set of daily tasks and activities. In the 1994-95 NPHS, respondents were asked, "Because of any condition or health problem, do you need the help of another person in: 1) preparing meals; 2) shopping for groceries or other necessities; 3) doing normal everyday housework; 4) personal care such as washing, dressing, or eating; or 5) moving about inside the house?" In the 2007-2008 CCHS, respondents were asked, "Because of any physical condition or mental condition or health problem, do you need the help of another person: 1) preparing meals; 2) getting to appointments or running errands such as shopping for groceries; 3) doing everyday housework; 4) personal care such as washing, dressing, eating, or taking medication; or 5) moving about inside the home?" 2 In both surveys, three of the five tasks are described with identical wording: preparing meals, personal care, and moving about inside the home. The fourth is very similar-doing normal everyday housework and doing housework. The fifth task is "shopping for groceries/necessities" in the NPHS and "getting to appointments/ running errands" in the CCHS. These represent similar activities, because both require the respondent to leave the house to attend somewhere or pick up items. We conducted our analysis with and without this task, to test whether including the question with the difference in wording affects the results, and we found comparable results. The results shown include this task, and the results excluding the fifth task are shown in Appendix Table A1 .
We code disability in two ways-as a robustness check and to compare our results to previous studies. First, we define disability as reporting needing help with at least one of the five everyday tasks. Second, we define disability as needing help with at least two of the five tasks. We estimate disability-free life expectancy for Canadian men and women separately, for ages 20 and older.
2. The wording of the question preamble differed slightly between the two surveys. The 1994-1995 NPHS stated: The next few questions deal with any health limitations which affect daily activities. In these questions, long-term conditions refer to conditions that have lasted or are expected to last 6 months or more. The next question asks about help received. This may not apply to you, but we need to ask the same questions of everyone. Because of any condition or health problem, do you need the help of another person in: [tasks listed]. "The 2007-2008 CCHS preamble stated: "The next few questions deal with any current limitations in your daily activities caused by a long-term health condition or problem. In these questions, a 'long-term condition' refers to a condition that is expected to last or has already lasted 6 months or more. The next few questions may not apply to you, but we need to ask the same questions of everyone. Because of any physical condition or mental condition or health problem do you need the help of another person [tasks listed]."
Results
Figure 1 plots life expectancy at birth for Canadian women and men from 1921 to 2009. The massive improvement in mortality over the 20th century was due to improvements in public health, improved nutrition, improved medical treatments, and the development of antibiotics and vaccines (Cutler et al. 2006) . The more recent improvements in mortality from 1979 to 2004 are due to mortality decline at older ages, especially for deaths due to circulatory diseases and external causes such as accidents, suicides and homicides (Statistics Canada 2008) . In Table 1 , we zoom in on the increase in life expectancy for the period of our analysis (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . Improvements in mortality continued throughout this period, during which life expectancy increased 2.05 years for women (from 80.89 to 82.94) and 3.48 years for men (from 74.87 to 78.35). Next, we turn to the prevalence of disability by age and sex for 1994 and 2007. The top part of Table 2 measures disability as requiring help performing at least one daily task and the bottom part measures disability as requiring help with at least two tasks. Overall, from 1994 to 2007, the prevalence of disability increased for both men and women and across the two measures. Among men, disability increased slightly among younger men (aged 20-49) and increased more among older men (aged 50+). At the oldest ages (80+), we cannot detect any significant changes.
From 1994 to 2007, the prevalence of disability also increased among women. For younger women, there were small increases in disability, measured as difficulty with either one or two tasks. However, the increases were much greater among older women. For example, when measured as difficulty with one task, the prevalence of disability increased from 6.7 to 10.4 per cent among women aged 50-54, from 8.1 to 13.8 per cent among women aged 60-64, and from 17.2 to 20.4 per cent among women aged 70-74. When measured as difficulty with two or more tasks, the increases in disability for this period are focused mostly at ages 55 and above.
Next, we turn to the calculations of disability-free life expectancy, to examine whether the additional years of life are healthy or disabled. First, we examine the results for men in Table 3 . For Canadian men, as life expectancy has increased, disability-free life expectancy has also increased. At all ages, men in 2007 can expect to live longer than in 1994, and they have more healthy years to live. For example, a 50-year-old in 1994 could expect to live 27.9 more years, 25.4 of them healthy (measured as difficulty with one task). In 2007, a 50-year old could expect to live 30.7 more years, 26.8 of them healthy years. Similarly, a 75-year-old in 1994 could expect to live 9.6 more years, 7.3 of them without disability, and in 2007 these numbers increased to 11.2 years of life remaining, 8.2 of them healthy. However, in addition to more healthy years, Canadian men are also living longer in a disabled state. Across the two measurements for disability, there is an increased period of disabled years. We can examine the relative increases of healthy and disabled years with the last column, which shows the proportion of life remaining in a healthy state, calculated as disability-free years divided by life expectancy (DFLE/LE). Overall, years spent with disability are increasing faster than healthy years, as shown by the lower percentages of remaining life spent in a healthy state in 2007 relative to 1994. For example, men aged 50 in 1994 could expect to live 27.9 more years, and 30.7 more years in 2007. In 1994, 90.9 per cent of these remaining years would be spent disability-free, but in 2007, only 87 per cent are disability-free, measuring disability as difficulty with one or more tasks. The same pattern is clear when we measure disability as difficulty with two or more tasks. The one difference between the two measures is for the oldest men (ages 75+). When measuring disability as difficulty with at least one task, it shows that the proportion of healthy years remaining decreased slightly over the period (from 76.5 to 73.3 per cent for 75-79-year-olds, and from 67.7 to 65.4 per cent for those 80 and older). However, there is an increase in the proportion of life disability-free when measuring it more stringently, meaning that time spent disabled because of multiple limitations is not increasing as quickly as time spent disabled because of only one limitation among the oldest men. Table 4 presents the results for disability-free life expectancy for women. Similar to the pattern for men, life expectancy for women increased between 1994 and 2007. However, disability-free life expect- ancy has stayed constant for women, rather than increasing as it did for men. For example, women's life expectancy at age 50 increased from 32.7 in 1994 to 34.5 in 2007. However, disability-free years at age 50 remained about the same (26.8 years in 1994 and 26.5 years in 2007) . Similarly, at age 75, women could expect to live 12.4 years in 1994, and this increased to 13.5 years. However, the remaining healthy years remained constant at 7.7 years. The trend is similar for both measures of disability shown. The increase in life expectancy for women is mostly due to increases in disabled years rather than healthy years, leading to a smaller percentage of remaining years lived disability-free. This is evident in the last column in Table 4 , which shows the proportion of life remaining in a healthy state as disabilityfree years divided by life expectancy (DFLE/LE). At all ages and across both measures of disability, Canadian women are living smaller proportions of their remaining lives in a healthy state. For example, in 1994 women aged 50 could expect to live 32.7 more years, with 26.8 healthy and 5.9 disabled, or 81.9 per cent of remaining years being healthy years. Although they have more remaining years in 2007 (34.5 years), 26.5 are healthy and 8.0 are disabled, so that only 77 per cent of remaining life is disability-free. This is also apparent at older ages. In 1994, a woman aged 75 could expect to live 12.4 more years, 7.7 of them healthy and 4.7 disabled (61.9 per cent of remaining years healthy). However, in 2007, although the woman could expect to live more than a year longer (13.5 years), and healthy years stayed the same, but disabled years increased to 5.8 (57 per cent healthy). In sum, the increases in life expectancy for women were mostly characterized by increases in disabled rather than healthy years.
Sensitivity analysis
We conducted four additional analyses to test the robustness of the results and potential explanations for the patterns we found. First, the results are robust to three different definitions of disability. In the paper, we present results characterizing disability as either at least one or at least two of five tasks. In additional analysis, we tested whether the slight difference in question wording regarding the fifth task affected the results. We excluded this question and defined disability as at least one of four tasks, and found very similar results. These results are available in Appendix Table A1 .
Second, we estimated disability-free life expectancy by province, to test whether the results were driven by one or several of the provinces. This was not the explanation for our findings. For men, we found that all the provinces followed patterns in disability-free life expectancy similar to the national trends presented in this paper. For women, we found that most provinces, including the largest provinces (Ontario, British Columbia, and Quebec), followed the trends presented in the paper. Newfoundland and Labrador, Prince Edward Island, Manitoba, and Alberta did not follow the national trend. Each of these provinces had decreases in disability-free life expectancy for women, especially in the oldest age group. However, these provinces are relatively small in terms of population, together making up 16.3 per cent of the Canadian population. Also, because of the smaller sample sizes of these provinces with relatively small populations, the estimates of disability were less precise. Future research on disability in Canada should examine the contributing factors to higher levels of disability among women in these provinces.
Third, we examined to what extent the exclusion of the institutionalized population, which was not part of the surveys we analyzed, affected the results. If the proportion of the population that was institutionalized increased dramatically over the study period, this could be a potential explanation for our findings, because this subpopulation has higher levels of disability than the populations surveyed in the CCHS and NPHS. The percentage of Canadians living in institutions increased slightly, but not dramatically, over this period. According to the 1996 and 2006 censuses, the institutionalized population increased from 1.56 per cent to 1.69 per cent over this period (Statistics Canada 2011) . Therefore, excluding institutionalized Canadians is not likely to affect the results.
Last, we tested whether the increase in the proportion of immigrants and their differential health was driving the results. Using the NPHS and CCHS, we estimated the prevalence of disability by nativity and sex for the two periods. The proportion of the population that was foreign-born increased from 17.1 to 22.1 per cent for men, and from 17.6 to 22.5 per cent for women. Despite a large literature on the "healthy immigrant effect" that documents superior outcomes for immigrants Huang et al. 2011; Palloni and Morenoff 2001; Wu and Schimmele 2005) , and other research documenting that immigrants have lower levels of disability compared to the native-born (Chen et al. 1996) , we do not find lower rates of disability for immigrants than the native-born. Appendix Table A2 shows that in most age groups, there are no significant differences in disability by nativity. However in 2007, disability was significantly higher among men aged 50-54 and 55-59 and among women aged 60-64 and 70-74. Increased immigration and higher levels of disability in some age groups among the foreign-born may be a small factor explaining the patterns found, but this does not seem to be driving the results.
Discussion
This paper examined changes in the prevalence of disability and disability-free life expectancy for Canadian men and women in 1994 to 2007. We examined whether Canadians are living longer, healthier lives or whether they are living longer but in poor health. Using the Sullivan method, we estimated whether remaining years are disabled or disability-free. Several Canadian studies have examined trends over time, but these trends have only been examined up to the mid-1990s (Martel and Bélanger 2006; Roberge et al. 1999; Wilkins and Adams 1992) . We updated the trend over time, which was last examined by Martel and Bélanger (2006) for the period 1986-1996. We found that although life expectancy increased for both men and women during this period, the gains were not mirrored by comparable increases in disability-free life expectancy.
We found different patterns in the DFLE trend for men and women. For men, we found that there were increases in both disability-free life expectancy and disabled years. Even though healthy life expectancy increased for men between 1994 and 2007, years spent with disability increased faster than healthy years. This led to an increase in the proportion of life remaining spent with disability for men in 2007 relative to 1994. This pattern of results is quite robust, given that it was found across the three measures of disability we tested. Comparing our results with other Canadian studies, we find similarities and differences. Studies which cover the mid-1980s to mid-1990s find increases in disability-free years and a decreasing or similar proportion of remaining years spent disabled (Martel and Bélanger 2006; Roberge et al. 1999) . We also find that DFLE at ages 20-24 increased for men from 1994 to 2007, but disabled years increased at a faster rate than healthy years, leading to an increasing number of remaining years spent disabled. Thus, for men, we do not find clear support for either the "compression of morbidity" or "expansion of morbidity" theoretical framework. There were increases in both DFLE and remaining years disabled.
On the other hand, for women disability-free life expectancy remained fairly constant across the time period of study. The increases in life expectancy for women were mostly characterized by increases in disabled rather than healthy years. Thus, a decreasing proportion of remaining years are being spent free of disability among Canadian women. Studies done by Roberge and colleagues (1999) and Martel and Bélanger (2006) found very small increases in DFLE at age 15 for women, and a relatively constant percentage of remaining years spent disabled. Our results are more pessimistic than those of Roberge and colleagues (1999) and Martel and Bélanger (2006) . The clear decrease in the propor-tion of life spent disability-free for women from 1994 to 2007 supports the "expansion of morbidity" theory, which is consistent with recent trends in other low mortality countries such as Australia, the Netherlands, and Japan (Robine and Michel 2004; Van De Water et al. 1996; Yong and Saito 2009 ).
This study is not without limitations. First, the Sullivan method draws on cross-sectional data and relies on stationary population model assumptions to draw conclusions about disability in a hypothetical cohort. This limitation could be tested with a cohort life table and either consecutive cross-sectional or longitudinal data (Imai and Soneji 2007) . However, cohort life tables and recent longitudinal data on disability for Canada are not available. We used the Sullivan method because of data limitations, and also to compare trends in disability-free life expectancy for Canada to other countries. A second limitation is that we measure disability with a dichotomous measure, and we do not model transitions among different disabled states. However, we do measure disability in three ways for this study-difficulty with one of five, two of five, and one of four tasks-and we find similar results across the three measures. Third, the wording of the preamble to the questions about disability was not identical across the two surveys. Future work can examine whether the wording differences between "Because of any condition or health problem" and "Because of any physical condition or mental condition or health problem" make any difference. Fourth, this study employs data from two time points, and because there is variability in disability prevalence from year to year, more time periods are needed to better document trends. Finally, this study uses data from two large national surveys, but it does not include the institutionalized population in Canada. Disability measures on the institutionalized population were not available. However, in our sensitivity analysis, we estimate that even if we assumed that the entire institutionalized population of Canada was disabled, this would not affect the trends shown in the paper.
Despite any limitations, this paper makes an important contribution to research on trends in morbidity and mortality in developed countries. The implications are important within the context of population aging. The recent increase in life expectancy for Canada has not been matched by large increases in disability-free life expectancy. Thus, both the percentage and the number of Canadians who require the help of another person with their daily activities is increasing, and policymakers should consider how this need will be met. In our study, we could not address whether respondents had family members or caregivers available to offer assistance with daily activities. Future research should examine not only whether people require assistance, but also whether they are getting assistance. A good framework to use is that of "net handicap-free life expectancy," created by Carrière and Légaré (2000) , which factored in met and unmet need for daily activities. If people have help at home, they may be able to continue living on their own. But if they do not, then the government may face added pressure on long-term healthcare facilities. Our findings also highlight policy-relevant gender differences. We find a greater expansion of morbidity among women than men. In addition to living longer, women have higher levels of disability, will spend a greater proportion of their lives disabled, and more often live alone. Thus, policy decisions about how to provide care to disabled older Canadians are inherently gendered. 
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